INTRODUCTION
The infrared spectroscopy experiment on Mariner 9 obtained data over much of Mars during the eleven month operational lifetime of the spacecraft. watt cm ' 2 sr-' /cm -' has been deduced from the repeatability of the calibration spectra taken periodically from deep space and from a built-in blackbody. The calibration spectra also indicated constancy of the responsivity of the instrument between prelaunch tests and end of mission.
The scientific objectives of the experiment include the interpretation of the thermal emission of Mars in terms of atmospheric temperatures, wind fields and dynamics, surface temperatures, surface pressure and topography, mineral composition, and minor atmospheric constituents including isotopic ratios, as well as a search for unexpected phenomena. The derived physical parameters may also be pertinent to biological investigations. The availability of a large and continuous portion of the spectrum permits flexibility in designing methods of interpretation and allows analysis of unforeseen phenomena. 1 The latter was well demonstrated by the significance of information extracted from spectra obtained during the unexpectedly violent dust storm.
The scientific goals of the infrared spectroscopy experiment as established in advance of the mission have been discussed (Hanel et al., 1970) ; a description of the Fourier transform spectrometer used in this experiment has been given (Hanel et al., 1972a) ; and first results and interpretation of the data up to May 1972 have been published (Hanel et al., 1972b (Hanel et al., , 1972c . The purpose of this paper is to report on analysis of the data carried out from June through October 1972. The data analysis is far from complete so the paper is necessarily a progress report on ongoing work.
CARBON DIOXIDE AND WATER VAPOR TRANSMITTANCES
Fundamental to the quantitative interpretation of planetary emission spectra is a precise knowledge of the transmittances of atmospheric gases present: in this case primarily carbon dioxide and water vapor.
In addition to providing the basis for analysis of atmospheric temperatures and surface pressure, the CO 2 transmittances are also required to estimate isotopio.abundances of carbon and oxygen, and to allow identification of other gaseous constituents in the spectral range covered by the instrument. Refinement of the CO 2 transmittances as a function of wave number, temperature and pressure has continued. In order to assess the validity of the theoretical transmittances and as a check on the internal consistency of the techniques used for the retrieval of surface pressure and atmospheric temperatures, a synthetic Martian spectrum has been calculated using a line by line integration technique (Kunde, 1968) . Molecular absorption by CO 2 and H2 O is included in this theoretical model. The computed spectrum is based on a solution of the equation of radiative transfer and uses the surface pressure and temperature profile derived from portions of the same set of spectra for which the comparison is made. Because the operational computer program which derives surface pressure and atmospheric temperatures uses a parameterized form of the CO 2 transmittances which is not as precise as the line by line integration technique, small differences between the computed and the experimental radiances are expected. Use of parameterized transmittances is dictated by the great expense in computer time required by the line by line integration method for processing individual spectra.
Observed spectra were chosen from revolution 174 near local noon and near the sub-solar latitude to maximize the thermal contrast, thereby enhancing the appearance of spectral features. Eighteen spectra were averaged to reduce the random noise to approximately 1 x 10-8 watt cm-2 sr-' /cm -' . While this noise-equivalent-radiance is approximately independent of wavenumber, the corresponding noise-equivalent-temperature varies from less than 0. 7K at 300 cm -1 , to less than 0.1K at 800 cm l 1 , to less than 0. 6K at 1600 cm -1 .
The 200-500 cm-l and the 500-800 cm l 1 regions, respectively, of the average measured brightness temperature are compared with theoretical spectra in Figures 1 and 2 . The theoretical spectra were computed using the (1)0cd) .im as determined from the H20 lines in the 250-325 cm-l region. The H20 line parameters were from Benedict and Kaplan (Private Communication, 1967) while the CO 2 parameters were generated from band positions and band strengths obtained from Benedict (1970) and from Drayson (1972) . Numerous rotational absorption lines, due to atmospheric H20 are evident in the 200-500 cm-l regions shown in Figure 1 . The comparison of the observed and the theoretical spectrum shows good spectral correspondence between the known H20 lines, even for the weak lines in the 500 cm-' region. No unidentified or anomalous features are evident in this spectral interval.
Strong molecular absorption by atmospheric CO 2 appears between 500 and 800 cm-1 as shown in Figure 2 . Several of the strongest CO 2 bands for the five most common isotopes are listed in order of descending band strength in Table 1 . The band strengths for the isotopes have been determined from the corresponding 016 C 12 01 6 band strength scaled in accordance with terrestrial isotopic abundances (Handbook of Chemistry and Physics, 1971) . The very weak bands enclosed by the dashed line in the right hand corner do not appear in the available laboratory CO 2 spectra, so their molecular parameters are not readily available. Consequently, these bands were not included in the present computations.
Some of the stronger CO02 bands observed in the 667 cm-' region of the Martian spectra are given in Table 2 . A search has been made for isotopes of carbon dioxide in the Martian infrared spectra, but the identification of bands belonging to other than the main isotope is hindered by their relative weakness.
Nevertheless, the 016 C 13016 fundamental is observed at 648. 52 cm-, the Because most of the anomalous features are nearly coincident with these weaker CO2 bands which have not been included in the present computations, it would be premature to speculate on the origin of these features until the CO2 spectrum can be completely specified. A revised set of CO2 lines, including many weaker bands, is now under preparation. the Martian water vapor were summarized in the previous paper (Hanel, et al. 1972c ).
An upper limit to the amount of water vapor which can be observed is determined by the saturation level of the atmosphere, which in turn is strongly controlled by the atmospheric temperatures. Typical temperature profiles for the South Polar Cap and North Polar Cap regions are shown in Figure 4 with the corresponding spacecraft revolution numbers.
The three profiles over the South Polar Cap region cover the last half of a southern summer. The surface pressure was taken at 5 mb (Kliore, 1972) . The temperature profile for Revolution 528, corresponding to late northern spring conditions, manifests the increasing solar illumination. The assumed surface pressure was 6 mb (Kliore, 1972) . A summary of the surface pressures (Purf), surface temperatures (Tsu,f) and observed and saturation amounts of atmospheric water vapor (Uob, and Usa, , respectively) are given in Table 3 .
The surface brightness temperatures given in the table were derived at 400 cm -l.
Due to the fact that the instrument field of view includes both frost covered and clear areas over the Polar caps (Hanel, et al., 1972b) , these temperatures are not inconsistent with a CO2 cap. based on an atmospheric scale height of 10 km, and a zero level at the 6. 1 mb triple point pressure of water have been published (Hanel, et al., 1972c) . A similar investigation of the Coprates Canyon (Figure 6 ) suggests that the canyon does not slope uniformly down from the Tharsis ridge to Chryse, but that it has a local low area in the enlarged region between 700 and 750 longitude. Before this can be conclusively established, however, the fact that the instrument field of view includes contributions from the canyon rim must be considered. Nevertheless, at (-10. 60, 70 . 00) the canyon bottom lies at least 5 km below the southern edge of the canyon rim.
Several systematic effects are being evaluated which will affect large scale topographic mapping. The theoretical CO2 transmittances from which atmospheric opacity and total CO2 amounts are obtained are being finalized; changes to the preliminary map in Figure 5 are expected to be 10-15%. Pressure variations due to tidal motions in the atmosphere, to be discussed below, introduce a latitude dependent effect of perhaps 10% in the area sampled and must be included. The 10 km scale height used in converting surface pressure to topographic altitudes must be refined by integrating down the actual atmospheric temperature profiles, which are also obtained from the IRIS data; an increase in the average scale height by roughly 10% will result. Irregularities in the Martian gravitational field (Lorell, et al., 1972) will also contribute minor systematic effects, amounting to shifts of on the order of 1 kmin the geopotential surface to which topographic altitudes are referred. Lower part of figure shows topography along these lines as obtained from pressure data using a 10 km scale height and an altitude zero at 6. 1 mb. The dashed line lies over the generally smooth terrain south of the canyon, and provides a measure of the overall slope of the region. The maximum apparent depth of 5 km is at about longitude 700; correction for instrument field of view must be made before this can be conclusively established as a local minimum in the canyon structure (Hanel, et al., 1972c) . In that work, the surface pressure was assumed to be constant, surface friction and orographic effects were not included, and non-linear terms in the hydrodynamic equations were neglected. The large diurnal fluctuations observed in the temperature fields imply the existence of strong tidal effects which can appreciably alter the near surface winds; consequently, the second step in a continuing analysis of the wind fields has been the incorporation of tidal theory into the calculations. Tidal theory treats the harmonically varying part of the planetary circulation, taking into account surface pressure fluctuations but neglecting non-linear effects, surface friction and topography.
As in the previous report, the observed temperature field was modeled using a spherical harmonic representation consisting of two meridional harmonics each for zonal. wave numbers zero and one. In this way the temperature fields were extrapolated into those regions for which no direct measurements exist, primarily in the night hemisphere. The vertical temperature structure was included by using altitude dependent coefficients for the harmonic terms. The ATMOSPHERIC DUST An estimate of the approximate silicon oxide content of the atmospheric dust cloud has been given (Hanel, et al., 1972c) . To help further define the properties of the cloud particles a radiative transfer model is being constructed which allows the computation of the emission spectrum of a cloud, between 200 and 2, 000 cm-', given the complex refractive index of the cloud material, the particle size distribution, the number density as a function of height, and the atmospheric temperature profile.
In first tests of this model, the particles were assumed to be quartz spheres of various diameters. Agreement with the measured Martian spectra is not expected to be good since the dust is not pure SiO2 (quartz) nor is it composed of spherical particles distributed over a narrow range of particle sizes.
Some qualitative conclusions can be reached, however, even though the present computations are primarily a test of the method.
Quartz was chosen because its complex refractive index (Figure 10 ) is well known (Spitzer and Kleinman, 1961) . The Mie theory was assumed to apply, and rectangular particle size distributions were chosen with mean radii at 0. 1, 1, 2, 4, and 10 jlm. In order to obtain smooth solutions, a width to mean radius ratio of 0. 1 was employed in all five cases. Using these distributions, the scattering and absorption cross sections were calculated in a manner similar to that of Peterson and Weinman (1969) for a birefringent material. The cross sections are shown in Figure 11 for particle sizes of 0. 1 Am and 10j.m. The dominant interaction changes from absorption to scattering as particle size is increased through this range.
Next, the wave number dependent ratios of the total infrared optical depths to the visible optical depth (at 20, 000 cm-' ) were evaluated. Results for three different particle sizes are shown in Figure 12 . It can be seen that the smaller particles tend to interact with the infrared radiation field less efficiently than the larger particles. A comparison of the optical depths for the smaller particles il Figure 12 with the indices of refraction in Figure 10 indicates that maxima in the optical depths correspond to regions of maximum absorption. As the particle size increases, the regions of low absorption in the total optical depth become filled in because of increased scattering; for a particle size of 10,m, scattering dominates as shown in Figure 11 , and sharp spectral features are no longer prominent in the total optical depth. The radiative transfer calculations were normalized to a visible optical depth of unity, so that the integrated number of particles in a vertical column decreases as the dimensions of the particles increase (Table 4 ). The numerical solution accounts for the absorption and multiple scattering of the radiation by the dust in the atmosphere and the emission from both the lower bounding surface and the dust particles. Results of the radiative transfer calculations for five particle sizes are shown in Figure 13 . For these calculations the surface was assumed to be at a temperature of 2600K, the atmospheric temperature distribution was that derived on revolution 20 at midlatitudes (Hanel et al., 1972c) , and the particles were distributed exponentially with altitude assuming a scale height of 10 km. Many of the features observed in the optical depths of Figure 12 are noticeable in Figure 13 , with the widths of the spectral features generally increasing with particle radius.
The most striking feature of these results is the strong dependence of the sharpness of the spectral features on particle size. A crude comparison of the sharpness of the features in the calculated brightness temperature spectra with those in measured dust cloud spectra such as the one shown in Figure Proceeding on the assumption that the dust in the Martian atmosphere is siliceous in nature, though not pure quartz, the radiative transfer modeling effort is being extended to include other minerals in the SiO2 family. Effects due to broader particle size distributions are also being investigated. Present indications are that the correspondence between measured and calculated spectra will be improved by these efforts. 
